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includes gas supply valves connected to various gas sources. Further 
functions of the processor 1 16 such as to provide overshoot control, energy 
stability control and/or to monitor input energy to the discharge, are described 
in more detail at U.S. patent application no. 09/588,561, which is assigned to 
the same assignee and is hereby incorporated by reference. 

As shown in Figure 6, the processor 116 preferably communicates with 
the solid-state or thyratron pulser module 104 and HV power supply 108, 
separately or in combination, the gas handling module 106, the optics 
modules 110 and/or 112, the diagnostic module 118, and an interface 124. 
The laser resonator which surrounds the laser chamber 102 containing the 
laser gas mixture includes optics module 110 including line-narrowing optics 
for a line narrowed excimer or molecular fluorine laser, which may be 
replaced by a high reflectivity mirror or the like in a laser system wherein 
either line-narrowing is not desired, or if line narrowing is performed at the 
front optics module 1 12, or a spectral filter external to the resonator is used 
for narrowing the linewidth of the output beam. 

SOLID STATE PULSER MODULE 

The laser chamber 102 contains a laser gas mixture and includes one 
or more preionization units (not shown) in addition to the pair of main 
discharge electrodes 103. Preferred main electrodes 103 are described at 
U.S. patent application no. 09/453,670 for photolithographic applications, 
which is assigned to the same assignee as the present application and is 
hereby incorporated by reference, and may be alternatively configured, e.g., 
when a narrow discharge width is not preferred. Other electrode 
configurations are set forth at U.S. patents no. 5,729,565 and 4,860,300, each 
of which is assigned to the same assignee, and alternative embodiments are 
set forth at U.S. patents no. 4,691,322, 5,535,233 and 5,557,629, all of which 
are hereby incorporated by reference. Preferred preionization units may be 
sliding surface or corona-type and are described U.S. patent applications no. 
09/922,241 and 09/532,276 (sliding surface) and 09/692,265 and 09/247,887 
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(corona discharge), each of which is assigned to the same assignee as the 
present application, and additional alternative embodiments are set forth at 
U.S. patents no. 5,337,330, 5,818,865, 5,875,207 and 5,991,324, and 
German Gebraushmuster DE 295 21 572 U1, all of the above patents and 
patent applications being hereby incorporated by reference. 

The solid-state or thyratron pulser module 104 and high voltage power 
supply 108 supply electrical energy in compressed electrical pulses to the 
preionization and main electrodes 103 within the laser chamber 102 to 
energize the gas mixture. Components of the preferred pulser module and 
high voltage power supply are described above, and further details may be 
described at U.S. patent applications 09/640,595, 09/838,715, 60/204,095, 
09/432,348 and 09/390,146, and U.S. patents no. 6,005,880, 6,226,307 and 
6,020,723, each of which is assigned to the same assignee as the present 
application and which is hereby incorporated by reference into the present 
application. Other alternative pulser modules are described at U.S. patents 
no. 5,982,800, 5,982,795, 5,940,421, 5,914,974, 5,949,806, 5,936,988, 
6,028,872, 6,151,346 and 5,729,562, each of which is hereby incorporated by 
reference. 

RESONATOR, GENERAL 

The laser resonator which surrounds the laser chamber 102 containing 
the laser gas mixture includes optics module 110 preferably including line- 
narrowing optics for a line narrowed excimer or molecular fluorine laser such 
as for photolithography, which may be replaced by a high reflectivity mirror or 
the like in a laser system wherein either line-narrowing is not desired (for TFT 
annealling, e.g.), or if line narrowing is performed at the front optics module 
1 12, or a spectral filter external to the resonator is used, or if the line- 
narrowing optics are disposed in front of the HR mirror, for narrowing the 
bandwidth of the output beam. For an F2-laser, optics for selecting one of 
multiple lines around 157 nm may be used, e.g., one or more dispersive 
prisms, birefringent plates or blocks and/or an interferometric device such as 
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an etalon or a device having a pair of opposed, non-parallel plates such as 
described in the 09/715,803 and 60/280,398 applications, wherein the same 
optic or optics or an additional line-narrowing optic or optics for narrowing the 
selected line may be used. Also, particularly for the F 2 -laser, and also 
possibly for other excimer lasers, the total gas mixture pressure may be lower 
than conventional systems, e.g., lower than 3 bar, for producing the selected 
line at a narrow bandwidth such as 0.5 pm or less without using additional 
line-narrowing optics (see U.S. patent application no. 09/883,128, which is 
assigned to the same assignee as the present application and is hereby 
incorporated by reference). 

The laser chamber 102 is sealed by windows transparent to the 
wavelengths of the emitted laser radiation 120. The windows may be 
Brewster windows or may be aligned at another angle, e.g., 5°, to the optical 
path of the resonating beam. One of the windows may also serve to output 
couple the beam or as a highly reflective resonator reflector on the opposite 
side of the chamber 102 as the beam is outcoupled. 

DIAGNOSTIC MODULE 

After a portion of the output beam 120 passes the outcoupler of the 
optics module 112, that output portion preferably impinges upon a beam 
splitter module 121 which includes optics for deflecting a portion 122 of the 
beam to the diagnostic module 118, or otherwise allowing a small portion 122 
of the outcoupled beam to reach the diagnostic module 118, while a main 
beam portion 120 is allowed to continue as the output beam 120 of the laser 
system (see U.S. patent applications no. 09/771,013, 09/598,552, and 
09/712,877 which are assigned to the same assignee as the present 
invention, and U.S. patent no. 4,61 1 ,270, each of which is hereby 
incorporated by reference. Preferred optics include a beamsplitter or 
otherwise partially reflecting surface optic. The optics may also include a 
mirror or beam splitter as a second reflecting optic. More than one beam 
splitter and/or HR mirror(s), and/or dichroic mirror(s) may be used to direct 



